3D-RISM Theory and Calculation
The three-dimensional reference interaction site model (3D-RISM) theory (Imai et al., 2009; Chong et al., 2011; Nikolic et al., 2012) is an integral equation theory based on statistical mechanics of liquid at the thermodynamic limit, which enables us to obtain the 3D distribution function h  (r) of the site , oxygen or hydrogen, of water molecules at position r around a solute of a given biomolecule. In the system, the 
Placevent Algorithm
The Placevent algorithm, developed by Sindhikara et al. (2012) 
We can employ this population function to surmise the discrete distribution of explicit solvent oxygen atoms, D = r 1 , r 2 ,…r N , where N is the total number of explicitly placed oxygen atoms. The solute position with the highest population, r max , in which P(r max ) = max(P), has the highest probability of water molecular occupation.
Thus, in that position, the first explicit oxygen atom will be assigned. In the Placevent algorithm, only one explicit oxygen atom is assigned per iteration. No matter how many the iterations, the total population at iteration, i, is amount to the initial population, given by Eq. (S5):
When the explicit oxygen atom was inserted with the maximal probability of occupancy, the corresponding population function will be reduced. Then, a new highest probability of water molecular occupancy will be identified in the remaining population function and subsequently an oxygen atom will be inserted in that position. This process will be repeated until the highest remaining population function was less than 1.5 times that of bulk.
MD Simulations
All MD simulations were performed with the AMBER 11 simulation package. To remove bad contacts in the initial structures, the steepest descent and conjugate gradient algorithm energy minimization methods were introduced. After minimization, each system was heated gradually from 0 K to 300 K within 200 ps with a positional restraint of 10 kcal mol -1 Å -2 in the protein complex. This was followed by constant temperature equilibration at 300 K for 500 ps, with a positional restraint of 10 kcal mol -1 Å -2 in the protein complex in a canonical ensemble (NVT). Finally, the production of MD simulations, for a total of 4.7 microseconds (s) (Excel S1), were performed in an isothermal isobaric ensemble (NPT, T = 300 K and P = 1 atm) with periodic boundary conditions. An integration step of 2 fs was set for the MD simulations and the long-range electrostatic interactions were treated using the particle mesh Ewald method (Darden et al., 1993) . A cut-off equal to 10 Å was used for short-range electrostatics and van der Waals interactions. The SHAKE method (Ryckaert et al., 1977) with a tolerance of 10 -5 Å was applied to constrain all covalent bonds that involve hydrogen atoms. The temperature and pressure were coupled with a time constant of 1.0 ps, isotropic position scaling, and a relaxation time of 2.0 ps according to Langevin's algorithm.
Cluster Analysis
The cluster analysis was undertaken to group together coordinate snapshots from the trajectory into distinct sets by virtue of the PTRAJ module of the AMBER 11, which was done with the well-established average-linkage algorithm that has been 6 described previously (Shao et al., 2007) . Briefly, the pairwise C  atoms root-mean-square deviation (RMSD) comparisons were carried out between any snapshot and the average coordinate after rigid-body alignment using a threshold of 1.5 Å. The structure with the largest numbers of neighbors within this threshold was defined as the center of the first, largest cluster.
Energy Landscapes Calculations
In order to reveal the population shifts between apo (unbound), ADP-bound and ATP-bound Akt1, the energy landscapes for Akt1 in the different states were calculated using the Eq. (S6):
where ΔG is the energy, k B is the Boltzmann constant, T is the temperature of simulations, and ρ (d1, d2) is the occupancy probability of the reaction coordinates d1 and d2. D1 is defined by the distance from the C α atom of residue H194 to the C α atom of residue pT308, which monitors the distance between the C-helix and activation loop. D2 is defined by the distance from the C α atom of residue T160 to the C α atom of residue G294, which monitors the motion of the G loop relative to the DFG loop (residues 292-294) (Hyeon et al., 2009 ).
Markov Process of Network Communication
The construction of protein contact network and allosteric signal transduction pathway followed methodology previously described (Chennubhotla and Bahar, 2006) .
Briefly, the Akt1 network is made up of a set of nodes and edges to connect them.
Amino acid residues are represented by a node. Two nodes are connected by an edge if any heavy atoms from the residues have contacts within a cutoff distance 6.0 Å. The length of edges is weighted by communication probability between residues: E ij = -log(w ij ). w ij was calculated using Eq. (S7):
Where n is the number of residues in the network and a ij is the interaction strength of direct communication between residue i and j. The interaction strength is defined using Eq. (S8):
Where N i , N j are the total numbers of heavy atoms in the residues i and j, N ij denotes the total number of atom-atom contacts between residues i and j based on the cutoff distance. Then, the shortest pathway from the residue i to the residue j was determined by using Dijkstra's algorithm (Cormen et al., 1990 ).
The twenty representative structures were extracted from the ATP-bound Akt1 through a cluster analysis of the MD trajectory. The Markov propagation analysis method was then used to identify the allosteric communication in the twenty representative structures. The optimal allosteric communication from ATP to pT308 was identified as follows:
This allosteric pathway was observed in the 17 out of 20 representative structures (the 8
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The NetworkView plug-in (Eargle and Luthey 
The correlation (C ij ) between two atoms i and j was calculated the dot product between the differences of each atom's current position ) ( i r from its average
The length of a path between two distant nodes relates to the sum of the edge weights along the path, i.e.,
The shortest path distance between all paris of nodes in the network was evaluated using the Floyd-Warshall algorithm. The betweenness of an edge was measured by calculating the number of shortest paths that cross that edge, and the Grivan-Newman algorithm (Grivan and Newman, 2002) was used to calculate communities in the network. Through the single-point energy calculations in the two systems, it was showed that the interaction energy of H194•••pT308 residue pair in the E191A mutant was lower by bout -3.2 kcal/mol than the wild-type. This suggests that the interaction between H194 and pT308 in the E191A mutant may be more favorable than the wild-type, leading to that the phosphatase-resistance was more sufficient in the E191A mutant 13 than in the wild-type. Figure S1 : The probability distributions for two atom-pairs distances, d 1 (defined by the distance from H194 C α atom to pT308 C α atom) and d 2 (defined by the distance from T160 C α atom to G294 C α atom), were calculated on the MD snapshots of apo 
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